dure taking about fifteen miniutes. This method may be of interest to those wNho use methyl methacrylate in dental, facio-maxillarv and cranial surgery.
Seconid method-.This method makes use of the fact that methyl methacrylate dough containing a special catalyst will undergo hardening and polymerization when exposed to ultraviolet rays for fifteen to twentv minutes at a temperature not exceeding that of the body.
Experiments on animals have shown that metlhyl methacrylate dough inserted into a skull gap and irradiated as described produced no dural reaction or changes in the underlying brain tissue. Some ossification also took place across the floor of the gap between the plastic and the dura. Methyl methacrvlate dough treated as described has also been tried out for experimental spinal fixation. No harmful effects were observed.
(A full report will be published in the Lancet.)
[The cost of the research was defrayed by a grant from the Medical Research Cotuncil.] Cancellous Chip Grafts for the Restoration of Bone Defects By A. RAINSFORD MOWLEM, F.R.C.S. SUCCESS in transplanting any avascular tissue is dependent upon many factors, of which at least two are essential. The first is that the new bed shall be capable of providing an adequate blood supply and the second is that the transplant shall be of such a nature that, if it be kept in accurate contact with the recipient area, vascular continuity can be established early enough to ensure cellular survival. Failure to produce and maintain these conditions will result in disaster.
More than a hundred years ago Charles Bell wrote: "Scrape a bone and its vessels bleed; cut a bone and its granulations sprout up; break a bone and it will heal, cut a piece away and more bone will readily be produced; burn it and it dies." On the whole this statement is descriptive of modern experience, so that we agree bone is an active and vascular tissue, and it is difficult to see why the transplantation of bone can be independent of those factors which determine success in the grafting of other tissues. Some of our modern methods of graftinig, and the tissue used therein, owe more to carpentry than to the consideration of biological re(uirements. This state of affairs has arisen because the material chosen as the graft has been selected for its stability and not its viability. Rigidity is conferred, if iliving tissues are to be used, only by a structure with a high inorganic content-viability demands a degree of cellularity which is not found in dense bone.
If these two characteristics are not co-existent, the problem of which to choose to the exclusion of the other becomes of real importance. Hitherto we have sought stability and have obtained it, but I think that we have done so at the expense of some uncertainty of results, of considerable slowness of regeneration and of a fairly high potential of infection. We have become accustomed to the time factor, and have worked out theories which explain it, but which in my opinion do not cover the potentialities of the process of grafting.
I suggest that if our desire is to transplant bone which will survive from the time of its insertion, which will not be a bridge across or in which "creeping substitution" may occur, but which will be an active living tissue rapidlv acquiring continuity with the bone ends, then we should lay much more stress on viability than on stability.
A fairly considerable experience with cancellous bonc for reconstructive wvork has shown that this type of bone possesses characteristics which differ from those ascribecd to cortical transplants.
Firstly, it very rapidly undergoes the changes necessary to suit it to its new location -for example, a new cortex is clearly marked on X-ray investigation in eight or twelve weeks. Secondly, it can withstand infection to an unusual degree. This capacity increases with every day wvhich elapses between transplantation and the occurrence of the infec-Proceedings of the Royal Society of, Medicine 14 tion. Thirdly, neither of these characteristics nor the permanence of its survival depends upon its acquiring continuitv with other bone, but they are contingent upon an adequate vascular supply.
These findings, together with histological considerations, led to the belief that this type of bone survives transplantation and retains its cellular activity. This is almost certainly due to the fact that it is an open network of bony tissue containing many bone cells, most of which are so neat to the surface that they can easily be reached by their new blood supply. Its structure, therefore, contrasts very sharply with that of cortical bone, which is a mass of densely calcified tissue containing tortuous Haversian systems with a few bone cells at their inaccessible distal eilds.
Over three years ago it was felt that in order to take full advantage of the characteristics of cancellous bones, it would be justifiable to increase the surface area by fragmentation so that an even greater number of cells could acquire a new blood supply and thus survive their transplantation.
Chips have been used in over 80 cases for the restoration of losses of contour and of continuity. All the grafts have been derived from the iliac crest, and they have all consisted only of cancellous tissue, which has been cut into fragments about 1 cm. by 0-5 cm. by 0-2 cm.
For restoring contour of the facial or cranial bones, the chips are simply built up into the desired shape and kept in position by light bandage pressure maintained for five to seven days. Within that period adhesion to underlying exposed bone occurs, and clinical rigidity is obtained. The defect is therefore easily and permanently restored and by the employment of an entirely appropriate tissue (fig. 1 ).
Pre-operative.
Post-operative. In 35 consecutive cases of mandibular losses with an average defect of two inches, clinical rigidity and the discontinuance of all splintage have been obtained in twenty-six days. Though it may be argued that the mandible is not a weight-bearing bone, it should be pointed out that the average pressure on the biting surface of the teeth may be anything from 100 to 200 lb. per square inch.
For restoring continuity, we must rely on alternative, means of obtaining stability. In this series, skeletal pin fixation or plaster casts have so far been sufficient, but in some situations it seems probable that internal splintage will be desirable. This may well be provided by either cortical bone or by plating. The former is possibly preferable because of the advantage of using a material which can be subsequently incorporated in the repair, though there are two potential disadvantages. Firstly, the bulk of the graft will tend to deprive some of the underlying chips of their blood supply, and secondly, the widespread separation of periosteum from the shaft, so often associated with the process of insertion, may diminish the vascular input to the bone ends.
Once stability is obtained, all ebutrnated bone is widely removed, and as much scar as possible excised from between the bone ends. The requisite bulk of shaft is then built up by cancellous chips, which will need no fixation other than suture of the soft tissues over them. U-nion between the chips themselves and the exposed bone ends occurs rapidly, and it is of interest to note that clinical rigidity precedes complete radiographic fusion. Fig. 2 illustrates the radiographic appearances at ten weeks, when the first below-knee walking plaster, which had been applied five weeks earlier, was changed. At fifteen weeks this plaster was replaced by a light guard plaster, allowing a full range of movement at the knee and ankle, and controlling only any possible tendency to angulation. This was removed at twenty weeks, and thereafter no further treatment was given. Pre-operative condition shown (a). Condition at ten weeks shown (b). It will be seen that fusion between the chips is not yet complete though the bone is clinically rigid. Condition at fifteen weeks shown (c). The condition of the cortex in the depths of the wound is much more clearly defined than in the subcutaneous region. This is due to s relative insdequacy of blood supply in the latter region.
My personal experience of grafts to limbs hais beein lim-ited to tho-se unfortunate cases of compound fractures of the tibia which are referred for treatment with skin and bone loss of many months' duiration and in which the vascularity of the whole limb is grossly insufficient. In spite of this initial difficulty, one case with a one inch tibial defect was walking without splintage in ten weeks, while others with defects of between three inches and four inches were weight-bearing in a below-knee plaster in five weeks, and discontinued all splintage in twenty weeks. Some of my orthop,Xdic colleagues can show even more spectaCLslar results in the commoner type of linear non-unson, which in some instances have been capable of normial unsupported weight-bearing in six weeks.
There is another aspect of the behaviour of these grafts which is worth noting, though this characteristic is shared to some extent by all cancellous grafts, whether they be fragmented or not. Resistance to infection is very much greater than that possessed by cortical bone. In at least eleven instances grafts have been inserted in areas known to be infected. Six mandibular defects with sinuses into the mouth were treated. In another there was an area of residuial osteomyelitis at one end of an extensive defect in the jaw; at the same timie there was a fistula into the mouth. Trhe area of infected bone was excised, the fistula sutured and the defect grafted by chi'lps. It is true that a lpenicillin tube was inserted, and a thousand units a day were given for a week. At all events, the graft was satisfactory. At least two infected defects in cranial bones have FroceedAngs of the Royal b'ocwty oJ lVedtwmne It; been widely excised and grafted, and in these also the result has been good. Two cases of tibial defect infected with Staphylococcus aureus and with Ps. pyocyanea respectively have also been treated, and though it may be argued that the good results obtained in all the infected cases have been due to peniciliin, this cannot be true of the latter case, because the organism concerned is resistanit.
The implications of this characteristic appear to me to be very important. No one would suggest that it is desirable to insert a bone graft in the presence of sepsis, though we have deliberately done this in an endeavour to evaluate the tolerance of the tissue. Much more work remains to be done, but it does seem probable that the presence of low-grade localized infection need not be a barrier to bone grafting. If such grafting can be carried out before long-continued disuse has resulted in irremediable atrophy of the locomotor and vascular systems, then not onlv is much time saved, but the resultant limb will approximate much more closely to normal. The application of this principle to battle-casualties may go far in reducing the incidence of chronic sinuses and ununited bones.
If, therefore, we are to adopt a biological standard as the basis for our technique in bone grafting, it is clear that we shall have to choose a less rigid and more cellular type of bone than that usually employed. We shall do well to increase the surface area by fragmenting the graft, and therefore we shall need to rely on something other *than the graft itself for the provision of immediate stability of the bone ends.
Modern methods should not find this an insuperable difficulty. We must learn to create and conserve blood supply under all circumstances, and this may mean giving up wide subperiosteal exposures and beautifullv carpentered joints. In return for these losses, we may find a considerably' simplified technique, which can be applied earlier, with more certainty and with much more rapid results than has hitherto been associated with bone grafting.
